The minimum x2 method for Hoover, 1980; Marco, 1977; Vale, 1986) . One problem with these methods is that they do not use information available from the estimated item discrimination parameters in obtaining the equating coefficients. In addition, these methods use the summary statistics of the anchor item parameters and, consequently, are sensitive to the distributional characteristics of the item parameter estimates. Because of this, deviant estimates can distort the values of the equating coefficients obtained using the mean and sigma methods.
mates of both the item discrimination and item difficulty parameters and their standard errors. This method is implemented more easily in a computer program than the TRF method. The small amount of research that &dquo; has compared the equating results from the minimum x2 method with results from the TRF method indicates that there are few differences between the two methods (Kim & Cohen, 1992) . The present paper extends the ' minimum X2 approach to the graded response model (Samejima, 1969 (Samejima, , 1972 and compares its performance with that of the TRF method.
The Minimum X' Method Dichotomous Item Responses Lord (1980) demonstrated that, under IRT, the relationship between the metric of any two item calibrations is linear. Thus, when estimates from a second calibration are to be transformed to the metric of the first, the transformed estimates of the item discrimination (a) and item difficulty (b) parameters of item i are given by a z = a,2/A
(1) and b* ,2 = Ab,2 + B,
respectively, where * indicates a transformed value, the subscript 2 refers to the second calibration, A is the slope, and B is the intercept. The value of the transformed trait level (0) estimate of person j can be expressed as *2 = A 0,2 + B.
(3)
The task of equating the two metrics is to find the appropriate equating coefficients A and B.
The minimum x2 method for obtaining two equating coefficients is based on the quadratic form n n '1 is the estimated 2 x 2 variance-covariance matrix of sampling errors for item i from the first calibration, and 1: , *2 is the transformed variance-covariance matrix from the second calibration. Samejima's (1969 Samejima's ( , 1972 (Samejima, 1969 (Thissen, 1991) and PARSCALE (Muraki & Bock, 1993) , provide only the estimated standard errors of the item parameters. Note that most computer programs for the dichotomous item response model, such as BILOG (Mislevy & Bock, 1990) and LOGIST (Wingersky, Barton, & Lord, 1982) , provide the complete variance-covariance matrices for item parameter estimates. For the second approach, the equating coefficients were obtained using all terms of the estimated variancecovariance matrix computed from the modified equations given by Baker (1992b (Thissen, 1991) and PARSCALE (Muraki & Bock, 1993) , provide only the estimated standard errors of item parameters. An anonymous reviewer, however, suggested that the estimated variDownloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. Non-academic reproduction requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ ance-covariance matrix could be computed using equations given by Baker (1992b, p. (Thissen, 1991 (Baker, 1986) to generate a Test 3 dataset with a sample size of 300. 9s were normally distributed with mean 0 and unit variance. The generated examinee item response vectors then were analyzed using MULTILOG to obtain the item parameter estimates. Test 2 then was equated to the metric of Test 3 using both implementations of the minimum x2 method. The vertical equating in this study used the anchor item approach (Marco, 1977) to place two tests of differing difficulty and two groups of differing trait level on a common metric.
Results. The obtained values of the equating coefficients were A = .948 and B = .656 using the diagonal variance-covariance matrix. The equating coefficients using the full variance-covariance matrix were A = .969 and B = .617. Both sets of equating coefficients agreed well with the underlying values of A = .9 andB=.5.
The means for item parameter and 0 estimates are reported in Table 2 . The two sets of underlying item parameters differed primarily in terms of the locations of the items. Thus, when the two sets of common items were equated, the change in location should have been reflected in the mean 0 levels of the two groups of examinees. The results in Table 2 The equating coefficients obtained from the TRF method were A = .959 and B = .671. These results also were in reasonably good agreement with the underlying values. In addition, there was very close agreement between the results from the three equating methods (see Table 2 ). 
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